






ca r r i ed  in the water .  The velocity t e s t s  were  performed in the 
Hydraulic Laboratory Branch and.the abrasion t e s t s  in thelChemical  
Engineering Laboratory Branch. Th i s  repor t  combines the r e su l t s  
of the two s tudies  under the headings Velocity T e s t s  and Abrasion 
Tes ts .  

Asphalt Eros ion  by Water  Velocity 

A rad ia l  >misalinement of the  joint between sect ions of pipe 
was considered t o  be  the most  c r i t i ca l  spot for  erosion of the asphalt .  
This  erosion could occur  as the water  flowed against.and over  a pro- 
jection of the coating into the flow. A p r e s s u r e  equal t o  the velocity * 

head against  the projection would couple with a negative p re s su re ,  on 
top t o  start a movement of the lining. Water penetrating-between the 
asphalt  and pipe would tend to  lift the  coating t o  cause  progressive 
damage. 

T e s t  Pipe and Faci l i t ies  
. - 

Two 4-foot-long sect ions of , the pipe &re provided fo r  the 
velocity t e s t s  by the Denver office of A r m c o  Drainage and Metal 
Pro jec ts ,  Incorporated, F igu res  2 a:nd 5. The f i r s t  section of pipe 
was prepared ~ i t h o u t ~ a  joint and the:second section with a typical 
joint. The  coating,applizd t o  the ex ter ior  of the pipes w a s  noted to  
b e  approximately 1/,16 inch thick and uniform on the cor,rugations. 
The coating on the pipe . interior was  smooth and continuous but 
slightly wavy f rom the shrinkage between the corrugations.  The 
depress ions  between the corru-rations w e r e  approximately 0.05 inch ' 

deep. The  asphalt  filled the 1f2-inch val leys  and covered the . 
c r e s t s  of the corrugat ions by approximately ,114 inch. The inside . 
diameter  was  thus reduced f rom a nominal 24 inches t o  approximately 
23.5 *inches,  The  second section of pipe differed .from the f i r s t  by. Ithe 
joint n e a r  the midp,oint of length. 

The laboratory,  pump capacity was 
,at a velocity of 30 feet per  second; therefor  
t o  provide this  velocity over  a par t  of the c 
F igure  3A. A pitot tube w a s  used t o  measu re  and determine the 
uniformity of the  jet velocity f rom the nozzle, F igure  2B. 

T e s t  P rocedure  

To simulate  a pipe joint in .the:first.?$ection of pipe before  the 
second pipe section became available, the.nozzle was slowly depressed  
into the coating t o  allow a 1/ 16- inch ,projection .of .the .coating above 
the lower inside sur face  of the nozzle, F igure  3B. The nozzle rad ius  
as constructed ?was slightly l e s s  ,than ,the , rad ius  of .the pipe coating a t  
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projection of the-coating above the nozzle sur face  was a maximum. i 
Approximately 4 i n c h e s  to  each s ide  of*the.center  .line the coating '. . and nozzle8 s u r f a c e s  were  ,coincident; Beyond these points the'; , 

nozzle surface.  projected t o  a Lmaxirinum'of l/l6*inchcabove the  
coating sur face .  I I 

+ .  
T o  t e s t  the  section of pipe which contained the joint, the  

nozzle -was inser ted into'the pipe + to  .within 10- 1.1.2 inches .of the  
joint, F igu re  533. ,A 6-inch-wide +piece .of 24-gage galvanized i r o n  
was  (formed ~ to  "the rad ius  of *the pipe and placed 'between the lining 
and-the underneath.side of the nozzle. The me ta l  extended 2-112 
inchas+downstream f rom <the8.nozzle exit  on :top of %the coating t o  -. 

deflect the  water  in ashorizontal  direction along the pipe . to  ,the joint; 
.An 8-inch lengthtof lining was 'thus ,exposed .between the .end of +the 
me ta l . s t r i p  and the pipe joint. , - 

*Water at a tempera ture  of >6,1.5O F . w a s  pumped through 
the nozzle until a velocity head corresponding t o  30 fee t  per  second 
was measured  by the Pitot tube. A m e r c u r y  manometer  connected 
to  a pressure ' t ap  in the  12-inch +inlet pipe was  then used with the 
measured  d ischarge  .to indicate the jet veloci ty .  Observations w e r e  
made a t  intervals  -to de termine  .if erosion of the  coating occurred  
and to  what extent. 

T e s t  Resul ts-  -Continuous Inter ior  Pipe 

The  velocity of the jet measured  with the Pitot  tube-was 
quite uniform across the exit  of the-nozzle and continued sokfor a 
distance of approximately 1 foot downstream. -F rom t h e r e  , to ,the' 
end of the pipe the pipe curva ture  crowded the water  toward the 
bottom cen te r  and the jet lost  i t s  identity. The  depth of the  ,jzt in 
the f i r s t  1 foot was  approximately 518 inch with a slight amount of 
spreading up the wall of , the pipe. 

Observation of the pipe,coating a t  t h e  end of a '2-hour and 
45-minute~tes t  period disclosed n o  damage. 3n .a  total  tes t . t i rne of 
10 hours  -and 15 minutes, the coating 'had been eroded aimmediately ' 

downstream of the nozz le- to  cm-er a.3-1.12-inch'length on4each  side 
of the nozzle cen te r  line., The eroded area;extended downstream 
an averagz of approximately . l / 2  inch -and t h e ~ d e p t h  of,erosion va r i ed .  , 

between 1 /8  and 1/4 inch'but did not extend t o  the metal  of :the pipe. 
The. coating.had been .torn f rom the area 'as f lakes  or sma1l:chunks. . 
At the r ight  end of the eroded area a chunkrap ro~ ima ta ly~ .3 / ;4~ inch  P in ,diameter thad.been remoyed to  a depth'of 1 4 iinch. 'No erosion,  
occur red  where the nozz1e;projected a b w e ~ o r  was  ,flush with"the * 

lining. The  t e s t  ~ a s ~ c o n t i n u e d  af te r  inspection t o  observe the prog- 
ess of the erosion.  

. , 

In a total  t ime  of 12 hours  and (45 ,minutes  .the l a r g e s t  <piece 
i 

of coating was  -removed n e a r  .the right -hand end  of the ,eroded -area, 
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Figure  4A"and B. ,This  piece, . F i g u r ~  ,4B,(DetailiA), .measured :. . a .  

1-3/4 inches along-the nozzle and 1-.11/l-6 inches downstream i .:  :. . 
f rom ,the nozzle ,exit. ,Inspection of the ;piece disclosed that .the , , 
water  had r a i sed  the upstream edge intorthe ,flow andithen peeled . 
the piece in a downstream direction ,as ;the. ,projected-area *increased. - 
The final break  of the piece f rom the  coating gave the appearance * 

of flakiness and left a rough edge a t  the downstream end of the hole. 
' 8 .  . . 

Continuation of the t e s t  .to a . total  ,time .of 17.ho&s-and 15 
minutes enlarged the e roded .a rea  to 2-11-2: inches-along the nozzle , 

and to  2-1/8 inches in &the downstream-direction; .-Fligure 4B; T.he , .  
area had been enlarged .by the removal  of : sma l l  lp ieces  down :to .the 
asbes tos  bonding l aye r  of.the pipe apparently by d i r ec t  impingement 
of the water  on and under1 the coating. . The ,metal  pipe..was not , t .  : . , 

.exposed. The  damage nea r  the-extremeeends,  of 'the .nozzle. impression 
was  caused by the sealing ma te r i a l  used t o  ?prevent nflow f rom 'this 
par t  of the nozzle. The asphalt  downstream of the eroded area showed 
no v i s ib l e  effects  of the 30-foot-per-second water  velocity a t  the 
end of 17 hours  and.15-minutes .of.testing. . I  , .. . . . 

, ' (  ' 3  & >  a ,  . 
To.  obtain r e su l t s  m o r e  conclusive than were.disclosed :by 

tests with a simulated pipe joint, a .test was  m a d e  +on a pipe section : 
that  contained a typical joint. Th i s  test was desiredtbecause a , 

deformation occurred in the previous tes t  when the nozzle was  
depressed  into the coating. The deformation w a s  evidenced by the 
c racks  that opened in the  asphalt  under the nozzle, "Figure -4B.:-.A 
subsequent weakening of the coating 'was likely to  have occurred  t o  
lower the res i s tance  to  the flow of .water. To,eliminate the-effect  
of this  deformation, a pipe section that contained :a typicaltjoint 
was  installed fo r  testing. I _  I . ,  

T e s t  Results--Pipe 'with 3oint I , 
.. . 

T W ~  2- foot-long pipe sect ions .coupled together were  provided 
for  the test. The  sect ions had been coated with asphalt  before  
assembly  (F igure  5A). A -neoprene sponge .rubber s leeve .6:inches 
wide and 318 inch thick was held ini.place by:a s t e e l  band and.hoops 
to cover  the joint and prevent leakage. The  maximum-radia l  misaline- 
ment of the joint .on the inter ior  .of the pipe was  approximately 418 
inch. The .coating..was slightly rounded at the-ends  of :the pipe . 
sect ions forming the joint and evidently occurred  .as the asphalt  
cooled f rom the fluid to  plastic s t a t e  a f te r  application ' ( ~ i g u r e  5B). 
The maximum longitudinal separation in ,the joint was  approximately 

a 

114 inch:and .varied from. th i sd i s t ance  to ,d i rec t  contact .  around the , 

circumference of the joint. A section of the ,joint #separated ,by a .11/4- 
inch space  with:the downstream pipe sur face  1/.84nch higher than the a e 

upstream su r face  .was chosen f ~ r  the . tes t  . (Figure .5B). . 
. .. 

Observation of the ioint a t  the end of a 7-hour 5 5 - m i ~ u t e  
t e s t  per  i d  disclosed s m a l l  eroded areas sim,ilar.:to those that occur red  
in the f i r s t  , test .  The coating was  again rernov.ed,as {flakes or .small  

4 



of the joint. T h e  .depth of e'rosion was  la maximum of 1/ 16 inch 
and the l a rges t  area 1/4 by 1/2 ,inch. Erosion was not.extensive,  
and the  test was  continued f o r  a total  t ime  of 29 hours  and 5 0  
minutes.  

The erosion was progressive over6the ' test  t ime  with,the 
eroded areas interconnecting along the joint (Figure.5C.). Erosion 
depth increased t o  approximately 118 inch maximum and extended 
downstream f rom the joint a dis tance of 112 inch. No>la rge  areas 
of erosion occurred and none penetrated through the coating to  the 
corrugated pipe .in 29 hours.  and 5 0  minutes. The re  was  *no apparent 
erosion except ,a t  the pipe joint. The  longitudinal s t r e a k s  in 
F igu re  5C were  evident in both the f i r s t  and second t e s t s .  The  
sur face  of'the streaks felt  as v e r y  fine sandpaper and was  apparently 
deposi ts  of ma te r i a l  froirz the a i r*and  1abora.tory bwater . The 
s t r eaks .were  deposited on the surface and were! not eroded into 
the coating. 

The t e s t  was ,  discontinued with the conclusionxthat new 
asphalt  properly bonded t o  the*  corrugated pipe would :be eroded 
at the joints by aswater .velocity of 30 feet per  second, but.the 
e ros ion  would probably not be extensive. The erosion r e s i s t ance  
of aged u p h a l t  t o  a water  velocity of 30 feet per  second could not 'be 
determined in the shor t  t e s t  period. 

. T e s t  Results--Pipe Joint  with Mastic Asphaltic Filler - 
T o  indicate the worth of protecting the pipe joint, the 

joint was 'd i sassembled  and a mas t ic  asphaltic f i l ler  was  applied 
with a putty knife t o  the .ends of' the two pipe sec t ions  (F igure  6A). 
A circumferent ia l  section of the joint that  contained both a sepa ra -  
tion and a contact of the pipe ends  was  chosen fo r t the  filler applica- 
tion. The joint was  reassembled  and3nstalled in the laboratory t e s t  
faci l i t ies  with no  at tempt:madeato smooth out the mas t ic  that  pro- 
jected into the pipe (Figure 6U and C). The'height of the  projections 
ranged f rom 0 t o  318 inch. In.the r eas sembly  of the pipe joint, it 
was  noted that a rad ia l  offset of the two pipe sect ions larger than 
that of the previous t e s t  occul-red over  approximately 114 of the 
pipe circumference.  The  offset dis tance was  a m a x i m u ~ n  of 114 
inch. The remaining 314 of the pipe circumference containing the 
t e s t  section w a s  evenly alined. 

Test ing was s t a r t ed  a f te r  the filler had cured  f o r  48 hours.  
Observation of the joint a f te r  7 hours  45 minutestof t e s t  at a velocity 
of 30 feet per  second d i s ~ l o s e d ~ t h a t  the  f i l l e r  had.been pushed away 
f rom the end. of the upstream pipe section and had folded over  the  
end of the downstream pipe section (,Figure 7A and B). S t r e a m e r s  
had been torn f rom .the .main body of the f i l l e r  that was  extruded :into . 
the pipes f rom the joint. The  s t r e a m e r s  alined with flow in a down- 
s t r e a m  direction and remained against  the  ipipe coating. With a.pipe 
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be tor; free .and b e  removed by the water .  . In  the, laboratory 
installation. the extruded filler caused an  upward deflection- of -the 
water  that  did not ent i re ly  r ecove r  to  a horizontal flow direction 
downstream of the joint (F igure  7C ). Therefore ,  the.  s t r e a m e r s  
were. not exposed t o  the full  30-fps,velocity, and'they'*remained 
attached t o  the joint. i ( * I  

F o r  a comparison with tho-resul ts  ofpthe*test:on the 
. 

unfilled joint, the filled joint .test *was.continued for  a-total  .time 
of 30 hours .  An additional s m a l l  amount of filler was-removed 
from the joint (F igures  7 and 8). A s m a l l  amountfof;damage to the 
pipe w a s  discerned 0x3 the ends:of :both ,the upstream andi.downstream 
pipe sections.  On the end of the upstream 'section .aismall ';piece of 
coating 114 i'nch long by 1/16 inch~maximum in:width had been:tortl 
f rom the pipe to r ema in  attached t o  the"fi1ler. The bond :between 
the f i l ler  and coating was  apparently s t ronger  in-this smal1 ,a rea  
than the  s t rength of the asphalt .  Very slight damage t o  the end 
of the pipe forming the downstream side:ofJthe joint lwas:also caused 
by a tear ing  action. In the 30-hour t e s t  ~ e r i o d ~ t h e r e  >was n o  . . 
apparent e ros ion  c a u 5 e d . b ~  d i r ec t  water  impingement on'the.end : 
of the pipe as had occurred  in the t e s t  on the unfilled joint. The 
fi l ler  bridged the joint and .deflected: the water  away f rom.  the exposed 
end of the downstrean? pipe t o  prevent the..erosion. Thus, the-fi l ler .  . 
may offer protection provided it is not torn f rom ' the  joint t o  expose 
the ends  of the pipe. *s , 

A curing period longer than+,the 48.hours previous-to the 
laboratory test would increase  the res i s tance  .of. the:filler+to the 
velocity and could increase  the bond s t rength between,the,fi l ler  
and coating. The manufacturers  usually. recommend 7tto 4 0  days  
curing. The increased-strength of the f i l l e r  and coating-filleribond , 

should provide protection of the,  joint provided the f i l l e r  does  not 
project appreciably into the pipe. If thes  filler projects  Anto the &pipe 
to  provide a leverage fo r  the flow of water,  -chunks--of fi1ler:and . 

coating could be  torn f rom the pipe. T h i s  action would-exposeAthe 
pipe ends  t o  fur ther  e ' r o s t ~ n .  

ABRASION TESTS 

T e s t  Procedure  
'4. 

The specimen used in this  t e s t  ?was .prepared,by pouring 
the asphalt  (of ' the s a m e  quality as ,that applied ,to4 the "pipe):heated 
t o  400° F - i n t o  an 8-inch-diameter, 8-inch-.longlsteel-pipe being .. 
rotated t o  50 r p m .  After pouring, the outside of the :pipe .wasSheated 
t o  cause  the asphalt  t o  smooth out. The specimen was  allowed.to 
set f o r  4. days, the abrasive charge introduced, the ends  sea led ,  
and rotation begun. &The abrasion t e s t  waslmade in four  s e p a r a t e  
r u n s  under the conditions tabulated below: 



-- - - 
1 . 3 3  1.1 14 660,008 Sand 
2 33 1.1 .14 . 660,000 Sand 
3 97 3.4 5 660,000 Sand 
4 33 1.1 14 660,000 . Gravel  

After each run, the coating was  visually inspected fo r  
damage, the ,pipe was  weighed, and t h i c k n e ~ s ~ m e a s u r e m e n t s  were  
made. 

The abrasive charge  descr ibed above as "sand" cons is t s  
of 314 pound each  of Nos. 30, 50, 100 and pan s i z e  C l e a r  C r e e k  
sand plus 2,000 c c  of water .  The  charge descr ibed  as "gravel" 
cons is t s  of 3 pounds of No. 4 aggregate plus 2 ,000 c c  of water .  
In e i ther  c a s e  the charge  f i l ls  about one-third of the volume of the 
cylinder.  

Resul ts  of' T e s t s  

After 2.6 million revolutions in the abrasion test ,  the 
asphalt  has  shown no l o s s  in weight nor  apparent l o s s  in.thickness. 
Weight and thickness l o s s e s  a r e  criteria fo r  determining the perform- 
ance of lining subject t o  abrasion. 

The appearance of the asphal t  surface, : however, h a s  
changed considerably as may be noted by comparing Figure  9 taken 
before the abrasion t e s t  was  s t a r t ed  with F igu re  10 taken a f t e r  
660,000 revolutions (2 weeks) at 33 r p m  and F igure  11 taken a f t e r  
an additional 660,000 revolutions a t  33 rpm and 660,000. revolutions 
at 97 r p m  and Bigure 1 2  taken af te r  an.additiona1 2 weeks (660,000 
revolutions) a t  33 r p m  using No. 4 aggregate instead of sand. In 
the F igu re  12, note in particular the pronounced rippling effect 
c a w e d  by. the No.  4 aggregate .as  compared with the-effects  of t he  
sand shown in the preceding photographs. .It should be  noted .that 
the c r a t e r s  showing in F igure  9 are not typical of the application 
on the pipe furnished by Armco. A s  shown in the photographs, the 
sur face  has  been roughened considerably and has  embedded in it 
g ra ins  of sand. The asphalt  is v e r y  soft, 46 penetration ashcompared 
with 15-20 penetr-ation for  American Water Works Association 
coal- tar  enamel, which no  doubt accounts fo r  the effect caused by 
the sand. 

The attached Table I. gives a comparison.of test r e su l t s  
f o r  the asphalt  used in Armco  Smooth-flo pipe and two other  pipe 
lining mater ia l s .  

The  t e s t  r e s u l t s  may be unrealist ic f o r  two, reasons .  First, 
sand adhering t o  the coating would compensate for  a weight loss in 
the coating. Second, asphalt  is. known to  abso rb  appreciable amounts 
of water .  Th i s  a l s o  would tend t o  compensate a weight l o s s  in the 



asphalt, hencean increase  in the thickness of the c 
the apparent ' fa i lure  of the coating t o  lose any weig 
may not be a completely accura te  representation. 

In the cour se  of genera l  laboratory 'invest 
asphalt  coating will be  subjected t o  fur ther .erosion tes t ing .with 
different gs~adation of abrasive part ic les  and revolution 'speeds." More 
da ta  will then be available regarding the erosion res i s tance  of this  
soft asphalt. 

I i 

C ONC LUSIOMS 

Velocity t e s t s  

1. The  joint between the concrete  inlet zection of the 
evacuation conduit and the coated pipe should be smooth t o  prevent 
impingement of the  wa te r  against  any projection of the-.coating .. . 
above the concrete .  

2. All joints between sect ions of pipe should have a-minimum 
cf misalinement, especially those joints n e a r  the pipe.inlet .wheretthe 
boundary velocity could be 3,O feet per  second. 

3. A new bituminous coating.properly bonded t o  the co r ru -  
gated pipe would be eroded a t  the joints by a water  velocity of130 
feet  per  second, but the erosion woulds probably not be extensive .' 

4. The maximum laboratory t e s t  t i m e  of $30 hours  w a s  . 
insufficient t o  determine a long-period r e s i s t ance  of:the coating 
between joints t o  a velocity of 30 feet per  second. 

5. The res i s tance  t o  erosion of an aged bituminous.coating 
t o  a water  velocity of 30  feet  per  second could not betdetermined 

' 

in the shor t  t e s t  period. ~ ., 

$6. A joint f i l l e r  would offer protection to  the-ends of the 
pipe sect ions provided the filler was smoothed into' the joint and 
did not project into the  pipe flow. 

Abrasion t e s t s  . 
1. Laboratory indications are that the ma te r i a l  will pro- 

vide sat isfactory protection of the pipe, except.possibly'where 
subjected t o  abrasion by c o a r s e  aggregate.  Only se rv ice  performance 
will prove the durabili ty and protective capacity of this  asphalt  as 
a coating mater ia l .  

\ 4 , -. 

2. 'The  laboratory- tes t  da t a  acquired t o  da te  on the ,asphalt 
coating fo r  the Armco Smooth-flo pipe d o  not indicate any adverse  ! 
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A. Pipe iakrlar'before test-md putidly 
completed nostlo,  loolderg U ~ S ~ ~ E S E I  : 

SARQENT' CANAL 
PIPE INSTALLAT1ON':lN ZIYDRAULPC LABORATORY 

IRAULQC AND CHEMEAXi:ENOINEEUNG LABORATORY STUDIES 











C.  Flow e d i t i w s  
20 minutes after 
start &-teat-- 
velocity of jet from 
nozzle 30,feet per 
secoad 

SARGENT'CANAL 
PIPE JOINT WXTH ASPHALT1C'FPI;LER AFTER TEST OF 

7 HOURS. 65 "MINUTES 
HYDRAULIC AND CHEMICAL'ENQINEERING'LABORATORY s'~UDIES 
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30 hou;b at a water velocity of 30 feet per s e e d  
compare slight change. wtth Fwre 7 
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.SARGENS CANAL 
Photograph No. CH-464-9. Note the-general roughening 

of the surface after 660,000 revolutions at 33 rpm, using sand as 
the abrasive medium. 

HYDRAULIC AND CHEMICAL ENGINEERING LABORATORY .. STUDIES . 





SARGENT CANAL - 

Photograph No. CH-464- 14. Showing the appearance ,of 
the surface after 1;320,000 revolutions at'33 rpm, 660,000.rwolu- 
tions at 97 rpm using sand a s t h e  abrasive:medium, and 660, QOO 
revolutions at 33 rpm using No. 4 aggregate as.the abrasive medium. 
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